ABSTRACT. The crude oil price volatility plays an essential role for the oil companies when making a strategic investment decision. Different economic and political backgrounds could drive oil companies in North America, Asia, and Europe to make different strategic investment decision. Real options methodology is applied in analyzing the impact of oil price volatility on strategic investment of oil companies in the three regions. The empirical results show that the regional differences do exist, where the relationship between oil price volatility and oil companies' strategic investment in North America shows a reverse U shaped curve; meanwhile in Asia is exhibits a U shaped curve; while that in Europe shows a positive correlated linear relationship. These different regional results of oil price uncertainty could provide companies and governments essential information to make investment and policy decisions based on the according regions.
INTRODUCTION
Strategic investment is an approach used by a company when investing, with intention to make the business more successful. It is one of the most important business decisions since such investments can lead to competitive advantages through cost reduction (Golfato et al., 2009 ) and product differentiation which in turn lead to value creation (Makadok, 2003) . The value creation can be maximized when an optimal investment strategy can be applied. Yet, due to the uncertainties businesses must deal with, the optimal investment strategy is hard to determine. Porter (1980) finds the importance of industry structure in determining optimal investment strategies. The major elements of industry structure include economic and technological environment, competitive advantage, capital divisibility, first-mover advantages and competition intensity. The uncertainties derive from a host of sources, including output and input price (Sant'Anna, 2002), exchange rate (Novaes & Souza, 2005 
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One of the uncertainties stems from the energy resources, crude oil, has become increasingly essential because it is not only a fundamental cost for most industries, but its price is highly volatile. Recent studies have noted that crude oil price is a significant determinant of stock market returns (Driesprong et al., 2008; Ribas et al., 2010) and firm returns (Pompermayer, 2007; Narayan & Sharma, 2011) . Therefore, oil price volatility creates uncertainties regarding firm profitability, valuations and investment decisions and thus, it is an important angel to study in strategic investment. On the one side, oil is an essential input for oil-consuming industries that consume petroleum products made from crude oil. For companies not involved in the oil industry, rising oil prices presents an increased cost to business and without an offsetting increase in revenuesit results in a reduction in profits (Sadorsky, 2008) . On the other side, oil is a critical output for oil exploration and production companies. For these companies, an increase in oil price means a potential increase in profits. Consequently, when making strategic investment decisions, they should balance the trade-off between the potential increase in profits and the potential development risk. Therefore, oil price volatility plays an important role in the strategic investment decisions of the oil exploration and production companies.
Bernanke (1983) is one of the earliest studies that correlate oil price uncertainty to investment decisions of overall industries. His finding is consistent with real options theory that management should delay investment when an option experiences high volatility. It is optimal for firms to postpone irreversible investment expenditures when they experience increased uncertainty about the future price of oil (Bernanke, 1983) . The postponement gives time to the uncertainty to be solved on the opportunity cost of possibilities of making more profit and gaining more market share. These double effects give rise to a U shape relationship between strategic investment and oil price volatility (Henriques & Sadorsky, 2011) . Whereas, during their study of investment and uncertainty in the international oil and gas industry, Mohn & Misund (2009) find that the long-term impact of oil price volatility is to decrease investment.
Although earlier studies have mentioned the relationship between strategic investment and oil price volatility or investment and international oil and gas industry uncertainty, the oil price volatility's effect on regional oil industry's strategic investment is a unique angle that has not been previously estimated. Therefore, the research question of this study is to analyze the impacts of oil price volatility on strategic investment decisions of oil companies on a regional level. Accordingly, the objectives of this study will be explored from the research question. They are: (1) to estimate the real options theory by investigating the impacts of oil price volatility on strategic investment of oil companies on a regional industrial level, namely, North America, Asia and Europe, respectively; (2) to test whether the impacts of oil price volatility on strategic investment of oil companies vary in different regions.
The scope of data set selected is thirteen years' time series data from 2000 to 2012, drawn from publicly traded oil companies. The companies selected are listed petroleum (crude oil) exploration and production companies, excluded companies involved in refining and marketing only. The oil price volatility is portrayed by the daily spot price data for both of the Brent blend quality and the WTI. In the estimation of American oil companies, WTI will be in use QIANQIAN ZHU and GURCHARAN SINGH 3 because it is the dominated crude oil price exchange in this region. Brent, however, will be used in the estimation of impacts of oil price uncertainty on strategic investment of oil exploration and production companies in the region of Asia and Europe, given that Brent represents the global market more than WTI. This is in line with researchers such as Mohn & Misund (2009) and Henriques & Sadorsky (2011).
The rest of the study is organized as follows. Section 2 will broadly review the previous literature. Section 3 will explain the methodology and data specification. Section 4 will present empirical analysis, the interpretation of the results and comparisons and contrasts with previous studies. Section 5 and Section 6 will illustrate the conclusion and the limitations, respectively.
LIERATURE REVIEW

Investment Theory Development
Investment theories seek to equip decision makers with quantitative tools for assessing investment projects (Mieghem, 2003) . Therefore, valuation models are developed to test the uncertainties and their impacts. Brennan & Trigeorgis (2000) feature the model development in three stages. The first stage is featured with static models described by expected cash flows with managerial flexibility. The "discounted cash flow" approach is an important presentation of this stage. In the second stage, models present the dynamic approach to solve the uncertainties surrounded investment decisions. This approach is embedded in decision-tree analysis, dynamic programming, stochastic programming, and real options analysis (ROA) (Flath et al., 2011) . Although the dynamic models have been refined and justified with more consideration of the real-world problems, they sometimes create a partial picture due to the lack of competition consideration. The risk of ignoring competition when making an investment decision, is addressed by Sol & Ghemawat (1999) . Thereby, the combination of real options and game theory becomes a trendy model type because it takes both the resolution of exogenous uncertainties and the reactions of competitors into account during investment-decision making. The third stage, option games, came into fashion in the 1990s. It examines the trade-off between managerial flexibility and commitment in dynamic competitive settings under uncertainty (Flath et al., 2011) . The development and utilization of real options theory will be discussed later.
Real Options Theory in Strategic Investment Decisions
Real option is a systematic approach and integrated solution using financial theory, economic analysis, management science, decision sciences, statistics, and econometric modeling in applying options theory in valuing real physical assets, as opposed to financial assets, in a dynamic and uncertain business environment where business decisions are flexible in the context of strategic capital investment decision making (Mun, 2006; Almeida & Duarte, 2011) . Real options theory is frequently used in dynamic models and options-game models to estimate the impact of uncertainty on strategic investment. The term "real" financial option was first introduced by Myers & Tumbull (1977) and Ross (1978) to refer to the situation that investors use the efficient market 4 STRATEGIC INVESTMENT OF OIL COMPANIES IN NORTH AMERICA, ASIA, AND EUROPE hypothesis, portfolio theory, and trading strategies to predict the project's future cash flow and to maximize the project value under known market information. Since the value of options is "real", increases in uncertainty should lead to increases in the project value. McDonald & Siegel (1986) , cited by Fan & Zhu (2009), first developed a real options valuation model, they assumed that both the project value V and the investment I followed geometric Brownian motion and used the option pricing approach to solve max Z = V /I . Besides, both Kulatilaka & Perotti (1998) and Sarkar (2000) provide a strategic rationale under uncertainty with the help of real options theory. Smit & Trigeorgis (2004) combine real options theory and game theory, and hence extend the real options with consideration of competitive dimensions and endogenous interactions of strategic decision between competitors. Because they believe that the decision to invest implies not only the sacrifice of a waiting option, but also a potential reward from the implicit acquisition future development options. According to Grenadier (2002) , the value of waiting options is also traded-off by imperfect competition and strategic investment.
Real options theory assumes that management is logical and competent and that it acts in the best interests of the company and its shareholders through the maximization of wealth and minimization of risk of losses (Mun, 2006 ). This approach is appealing to researchers in strategic investment of the oil sector because it has several decision stages, each one of which has an investment schedule and with associated success and failure probabilities (Suslick et al., 2009). Dias (2004) analyzed the real options models in the valuation of exploration and production assets and points out that the real options models give "two linked outputs: the investment opportunity value (the real option value) and the optimal decision rule (the threshold for the optimal option exercise)". Therefore, compared to the discounted cash flow and the net present value, the real options approach is more competitive (Leite et al., 2012). Paddock et al. (1988) find that commodity prices follow Brownian motion and a project's future volatility depends only on its commodity output price volatility. Smith & McCardle (1999) estimates the oil price and oil productivity and find that they also follow Brownian motion and their uncertainty has a jointly impact on a project's future volatility. Therefore, the investment and uncertainty relationship is required to be investigated.
Investment under Uncertainty
Investment is a key component of aggregate demand and it contributes to the build-up of the capital stock that, according to economic growth models, can lead to economic growth and prosperity (Mankiw, 2006). However, before an investment can be implemented, business decisions must be made to conquer the uncertainties that may affect the investment. Consequently, the more precise the understanding of the uncertainties is, the more successful the business will be.
The empirical results of studies on relationship between investment and uncertainty are mixed. Studies, like Goldberg (1993), Leahy & Whited (1996) and Driver et al. (1996) , note a weak or no relationship between uncertainty and investment when they test exchange rate volatility, share return volatility and market share volatility, respectively. Some studies evidence the negative effects of uncertainties on investment. For example, Dixit & Pindyck (1994) find that when investment is irreversible, an increase in uncertainty raises the option value of waiting to invest with the result that firms may postpone their investment decisions. In their models, firms may invest if option value of waiting is less than the net present value of investment. Furthermore, Ogawa & Suzuki (2000), using a panel of Japanese firms, find that both aggregate uncertainty and industry uncertainty have negative impacts on firms' investment decision. With panels of U.S. companies, Bond & Cummins (2004) investigate the impact of future-profit uncertainty on firm investment and Bulan (2005) investigate the impact of uncertainty based on the stock return volatility on firm investment. Both of these studies find that uncertainty negatively impacts on firm level investment even after taking Tobin's q or cash-flow variables into account. According to Henriques & Sadorsky (2011), Campa (1993) (exchange rate volatility), Huzinga (1993) (volatility of real wages, material prices and output prices), Ghosal & Lougani (1996) (volatility of output prices) and Guiso & Parigi (1999) (firm's perception about future product demand) all find evidence of a reasonably strong negative relationship between uncertainty and firm investment.
Some theoretical models, such as Hartman (1972) and Abel (1983) , imply a positive relationship between uncertainty and investment. Under assumptions of perfect competitions, risk neutrality and constant returns to scale technology, these models presume expected profits as a convex function of future prices and find that an increase in uncertainty about future price will lead to higher expected future profits. Higher expected future profits will trigger the number of investment projects with higher net present values and therefore lead to more investment. Besides, Shaanan (2005) also detects a positive relationship between stock market uncertainty and the investment decision of some groups of U.S. companies.
However, Caballero (1999) predicts an ambiguous relationship between uncertainty and investment. In the models of Dixit and Pindyck's (1994), increases in uncertainty could not only lead to an increase of the option value of waiting that push forward investment, but also could lead to a positive demand shock which reduce investment. The ambiguity of the relationship uncertainty and capital shock will depend upon the net trade-off of these two opposite effects. In the models of Hartman's (1972) and Abel's (1983), if the real-world cases do not meet the assumptions, the relationship between uncertainty and investment would also be hard to determine. His findings also incorporate the development stages of valuation models in that the models with considerations of the trade-off effects and real-world situation could reveal more precise results. And most recent studies on strategic investment and uncertainty follow this fashion. (2011), find that there exists a curvilinear (U shaped) relationship between uncertainty and strategic investment. Kulatilaka & Perotti (1998) employ a growth option approach to strategic investment and find that investment in a growth option reduces production costs; increases in uncertainty lead to postponement in the growth option at first, but lead to increases in investment later when the value of the pre-emptive strategic effects starts to increase relative to the option value of waiting to invest. They believe that "the proper valuation of real investment must take into account both its strategic value (the pre-emptive effect of commitment) and the alternative value of not investing." In Folta and O'Brien's (2004) model, the dueling option effect on firms' entry decision is tested and the result shows a U shaped relationship between uncertainty and an entry decision. Henriques & Sadorsky (2011) investigate the impact of one specific type of uncertainty-oil price volatility on U.S. companies' strategic investment and also reach to the U shaped relationship between uncertainty and investment.
Strategic Investment under Oil Price Uncertainty
From the 1980s, some researchers begin to focus on the relationship between investment and energy price uncertainty. Uri (1980) uses a fairly simple model to estimates the relationship between energy prices and investment at the industry level and concludes that energy price movements are important drivers of investment in energy intensive industries and at the aggregate level, cited from Henriques & Sadorsky (2011). Different from Uri (1980), Glass & Cahn (1987) relate energy price changes to the investment at the firm level. They find a negative correlation between energy price movements and aggregate investment, without consideration of other uncertainty in the theoretical investment equation. Two studies investigate the relationship between investment and oil and gas price uncertainty in the UK market. Favero, Pesaran & Sharma (1992) find that uncertainty plays an important role for the appraisal lag of investment; but Hurn & Wright (1994) find that the oil price variability cannot significantly affect investment decisions for oil and gas fields. In the study of China's overseas oil investment decisions, Fan & Zhu (2008) conclude that the investment decisions are affected by uncertainties such as exchange rate, investment environment and oil price volatility. Mohn & Misund (2009) follow an unbalanced panel of oil and gas companies to estimate the impact of both stock market uncertainty and oil price uncertainty. Their study suggests that macroeconomic uncertainty creates a "bottleneck" for oil and gas investment and production, whereas industry-specific uncertainty has stimulation effect. The empirical results of Henriques & Sadorsky (2011) show a U shaped relationship between oil price volatility and firm strategic investment of the general U.S. listed companies. Elder & Serletis (2010) conclude from their investigation in the U.S. and Canada that oil price volatility and aggregate investment are negatively correlated. From previous literatures, different conclusions could be found according to energy uncertainty and strategic investment, even in the estimation of the same area. Therefore, the impacts of oil price uncertainty on different regions are expected to be different to some degree.
METHODOLOGIES
Tobin (1969) pushes forward the development of the modern empirical investment by introducing investment to the ratio (q)-market value of capital over its replacement value. And this theory provides a starting point for the methodology employed in this study. Tobin's q can be measured by transaction cost economics and as the creating value of a firm. If that q it less than one, the market value of the firm capital is less than its replacement value and consequently managers will normally not buy capital as it will therefore be undervalued. If q is more than one, the market value of the firm capital is more than its replacement costs. In this case, managers will buy more capital to raise the firm's market value. Because of this simple logic, Tobin's q shares a quite privilege since it initially appears.
Later on, other researchers have proven that Tobin's q can provide sufficient statistics for investment. This means that it can portray nearly the whole picture of a firm's investment condition. 
where I t is gross investment and K t is the stock fixed capital, Q t is the marginal q(Q = q − 1), e t is a random error term which represents an additive to shock to the adjustment cost function, normally treated as a residual in the econometric specification.
Many authors have criticized that usefulness of Q theory on the grounds that there is a discrepancy between the strong theoretical condition under which Q is derived and the empirical conditions under which the investment Q relation is tested (Henriques & Sadorsky, 2011). According to Bond et al. (2004) , the stock market valuation would capture all relevant information about expected future profitability and significant coefficients on cash-flow variables after controlling for Tobin's Q could not be attributed to additional information about current expectations, under the assumptions of perfectly competitive markets and constant returns called Hayashi conditions. They also says that if the Hayashi conditions are not satisfied, or if stock market valuations are influenced by bubbles or any factors other than the present discounted value of expected future profits; then Tobin's Q would not capture all relevant information about the expected future profitability of current investment. In this cast additional explanatory variables like current or lagged sales or cash-flow terms could proxy for the missing information about expected future conditions. Therefore, in this study, the cash flow variable will be option to add into Equation (1) . Another variable that augmented into the equation is oil price volatility, due to the main purpose of this study. Oil price volatility square will be another optional variables augmented into the equation as to test whether a curve relationship would be achieved in this study.
Agency theory could be used to justify that cash-flow variable could be an important element in the investment equation. The agency problem lies on the contradictions between managers and owners and shareholders. The problem with regard to strategic investments can occur because of information asymmetries and incentive incompatibilities (Jensen & Meckling, 1976) . When making a strategic investment, managers normally hold more firsthand information about the present value of the investment as well as the firm's current situation than do the owners and shareholders. Therefore, they are likely to make investment decisions based more on their own interest than the firm's interest. Thus, comparable with a not-to-invest decision, an investment decision is more likely to make due to the embedded personal profits to managers. To cope with this kind of potential agency problem, the financial capital lenders could be less likely to lend to a firm's strategic investment or increase the interest rate for lending. The cost of the investment is consequently increased and firms become less likely to borrow money to a strategic investment project, unless their internally generated cash flow is largely positive. Therefore, the introduction of cash flow to explain strategic investment is justified by the agency theory.
The objective of this study is to estimate the impacts of oil price volatility on oil companies' strategic investments from a regional level. Therefore, oil price volatility should be an independent variable in the model equation. This method is consistent with earlier studies that investigate the relationship between uncertainty and investment in Tobin's q theory. "Oil price uncertainty can arise from a number of different sources including global oil demand and supply conditions, the actions of institutional actors (OPEC), geopolitical issues (approximately 50 per cent of world proven oil reserves are located in just four countries in the Middle East), and speculation in oil future markets (Sadorsky, 2004)". The complicated elements contribute the oil price uncertainty to be high and hard to predict. Therefore, although high oil prices normally imply high profits for oil exploration and production companies, the uncertainty of price could still significantly impact their strategic investment decisions.
Previous studies diversify their results in the shape of the relationship between oil price uncertainty and investment. For instance, studies such as Mohn & Misund (2009) and Elder & Serietis (2010a) find a linear relationship between oil price uncertainty and investment; while Henriques & Sadorsky (2011) find a U curve relationship. Therefore, in this study, the variable of oil price volatility square will be introduced as an optional variable. If the specification of model with the variable shows a better result than the one without it, then the shape of the relationship would be a curve line.
As the objective of study is to test of the relationship between investment and oil price volatility, the volatility-forecasting model -ARCH or GARCH models are expected to use to approach the purpose. The strength of the two-stage model lies on high-frequency data and the result may imply a low persistence of shock of the purpose of this study. A majority of previous studies, such as Leahy & Whited (1996) (1) with an augmentation of a cash-flow variable (cf ), oil price volatility variable (o), oil price volatility square, time period effects (n t ), the stochastic error term (ϑ ), and the time periods indexed by t , is shown as follows:
The error term y is likely to be serially correlated, given that the time series data set contains only 12 years of observations. Therefore, this term is assumed to follow an AR(1) process:
where γ t is the white noise. After inserting Equation (3) into Equation (2), the dynamic investment model transforms to Equation (4) .
For econometric purposes, Equation (4) can be more conveniently written as:
where γ t represents the error term. The error-term of Equation (1) is serially correlated at all lag-length, but now that of Equation (5) is not serially correlated any more.
Rather than a general investigation of the Q model, the objective of this study is to test the impact of oil price volatility on the strategic investment of the oil companies. Hence, the relationship between the investment and uncertainty will be tested with a variety of control variables. Under the standard economic procedure, the market-to-book ratio can approach to the Q ratio. Nevertheless, this approach involves pitfalls of measurement error, jeopardizing not only the coefficient estimate for but also the validity of the econometric model (Erickson & Whited, 2000) . The Q variable should reflect the large fluctuation of the oil price over the twelve years estimated because the fluctuation should have a direct impact on both firm's market capitalization and book value. However, this reflection may also seriously be affected by the presence of financial bubbles, the financial turbulence triggered by the subprime crisis, and the noisy shock market. Therefore, as be justified before, the addition of a cash-flow variable could be a solution this problem.
The data sample is a time series data set of listed oil companies over thirteen years' period from the year of 2000 to the year of 2012. The data is drawn from Osiris database and includes only the oil exploration and production companies. All the data items (market capitalization, total assets, long-term debt, capital expenditure, net income, and depreciation and amortization) are denoted in USD. In accordant with previous literature, the proxy of Tobin's q is measured the sum of market capitalization of equity and long-term debt in year t divided by total assets in year t − 1. The marginal Q is measure as q − 1. Firm investment is measured by capital expenditure; the capital stock is measured by total assets. Cash flow is measured as net income plus depreciation and amortization. The cash flow variable is measured as cash flow in period t over capital stock as the end of period t .
To address the oil price uncertainty, following Sadorsky (2008), annual oil price is measured as:
where r 0 t is the daily oil price return (100 × ln( p t / p t −1 )) and N is the number of trading days in the year. The nearest contract to maturity of the West Texas intermediate oil price contract is used to measure the daily closing oil prices ( p t ). The daily oil price data of both WTI and Brent is from the U.S. Energy Information Agency. And this oil price volatility measurement is consistent with Henriques & Sadorsdy (2011).
In order to achieve the two objectives ((1) to estimate the real options theory by investigating the impacts of oil price volatility on strategic investment of oil companies on a regional industrial level, namely, North America, Asia and Europe, respectively; (2) to test whether the impacts of oil price volatility on strategic investment of oil companies vary in different regions) of this study, four hypotheses are set up, with Hypothesis One to Hypothesis Three to answer the first objective and Hypothesis Four to answer the second one.
Hypothesis One: Oil price volatility has impacts on oil companies' strategic investment in North America; Hypothesis Two: Oil price volatility has impacts on oil companies' strategic investment in Asia;
Hypothesis Three: Oil price volatility has impacts on oil companies' strategic investment in Europe;
Hypothesis Four: Oil price volatility impacts differently on oil companies' strategic investment in North America, Asia and Europe.
There are 237 publicly traded energy companies worldwide in the Osiris database. From this universe, only 112 companies are mainly engaged in crude oil exploration and production in the three target continents, namely North America, Asia and Europe. Among these, 60 companies are eliminated because of missing data. 10 companies are deleted from the data set due to the outlier problem. The observations where I /K , q, or cash flows were outside of their perspective 99 per cent confidence interval are dropped. The whole procedure leaves the data set with 282 observations from 47 companies' annual financial statements from 2000 to 2012. Therefore, the whole sample represents 46 per cent of the population in this study. And the industrial variables is measured as the mean average of the area, with 17 firms presenting North America, 13 firms presenting Europe and 12 firms presenting Asia.
Descriptive statistics for the estimation sample is provided in Table 3 .1. The mean averages of investment rate in North America, Asia and Europe are about 4, 7 and 8per cent respectively. Comparing with the investment rate in the 1990s in previous studies, which is around 18 per cent, the investment rates in all the three areas are relatively low.
However, during the sample period, the development costs, such as raw materials and labor, are comparatively higher than the costs in 1990s. The decline of investment rate shows a signal that firms during this period holds relatively conservative investment strategies. This may firstly because of the relatively high investment rate in the previous decade given that the costly large and advanced facilities for extraction and processing and infrastructure for transport and distribution will normally maintained by firms for most of the time and be totally replaced only when essential. And new investment projects would normally be developed when the economy boosts. However, the constant recession from 2007 could lead the suspension of new investments. Table 3 .2 above shows the correlations of variables. The investment and oil price volatility are positively correlated in North America and Europe, which is consistent with the expectation. However, that in Asia is controversial with the expectation with a negative figure (-0.21 ), which shows a regional difference that in line with the objective of this study. 
EMPIRICAL RESULTS AND DISCUSSION
Blundell & Bond (1998) find that instruments in first differences are likely to be weak if with the highly persistent time series properties. And the sample data accordingly suffers the same problem. In Arellano & Bond (1991), a solution of this problem is to add autoregressive parameters that significantly less than one into the simple autoregressive specifications. Therefore, a simple AR (1) specification is used to estimate the dynamic properties of the Q model. The AR (1) estimates for model variables with OLS estimators are presented in Table 4 .1 below. The table reports the estimated coefficients on the lagged dependent variable from a simple AR (1) process: y t = r y t −1 + μ t . Some of the autoregressive parameters are significant below one, which implies that the differenced variables contain information beyond that of a random walk. The autoregressive parameters significantly below one are Q in North America, I /K and C F/K in Asia, and I /K and Q in Europe. The results not only show regional differences, but also provide information for modifications of Equation (5) in different regions. The modified equations and empirical results will be illustrated later in this chapter.
According to the AR (1) estimation, the explanatory variables should include all the explanatory variables as well as the lagged Q. Hence, Equation (5) will transform into Equation (7), Equation (8) , and Equation (9) to test Hypothesis One, Hypothesis Two, and Hypothesis Three, respectively:
where I /K represents investment rate; Q is the marginal Tobin's q; c f represents the cash flow rate; o represents the oil price volatility; n is the time effect and γ is the error term. The time periods are indexed by t , and t − 1 represents a one-year lagged effect on the according variable.
The empirical results of Equation (7), Equation (8) and Equation (9) are reported in Table 4 .2, Therefore, Hypothesis One fails to be rejected according to the empirical results of the estimation of North America. In the short term, an increase of oil price volatility can lead an increase in oil companies' strategic investment rate; while in the long term, the increase can lead a decrease in their strategic investment rate. This relationship totally contrasts to the "U" curve conclusion The results reveal a strategic investment rational of oil companies in this region that strategic growth options to invest overweights the compound options from other elements in facing the current high oil price volatility. They are eager to seize the opportunity to development during an oil price volatility-growing period; however, if the volatility keeps growing, they will consider reducing strategic investment. Hypothesis Two fails to be rejected from the estimation of Asia. The oil price volatility does have impacts on oil companies' strategic investment decisions from a regional level. Growing oil price volatility leads the strategic investment rate drop at first but climb up in a later time. This is consistent with the real options approach to investment that in the short run negative impact on investment from uncertainty is found ( From the analysis of the results drawn from the three regions, different relationships between oil price uncertainty and investment are found. In North America, this relationship shows a reverse U shape; in Asia, it shows a U shape; in Europe, it shows a positive linear correlation. Therefore, Oil price volatility impacts differently on oil companies' strategic investment in North America, Asia and Europe, and thus Hypothesis Four can be accepted.
CONCLUSIONS
The purpose of this study is to estimate the impacts of oil price uncertainty on strategic investments of oil exploration and production companies from a regional industrial level and to test whether the impacts vary in different regions. The finding of this study is that the regional variety does exist in the relationship between oil price uncertainty and strategic investment, as the empirical results of the three regions shows dramatic differences. The relationship between oil price uncertainty and strategic investment in North America shows a reversed U shaped curve; that in Asia shows a U shaped curve; that in Europe shows a positively correlated linear shape.
The transaction cost economics -Tobin's q theory is employed to form the original equation that assumes a positive relationship between strategic investment and Tobin's Q. This positive relationship is proved by the results of North America, while a negative relationship is proved by the results of Asia and no meaningful empirical evidence is shown from the results of Europe. These findings are in line with some previous researches with the finding that a strong positive relationship between strategic investment and Tobin's Q is hard to achieve.
The agency theory is invited to justify the cash flow as a variable to adjust the original Tobin's q theory. Therefore, in this study, the cash flow over capital stock ratio is invited as an optional variable utilized in model specifications. The results of three forms of model specifications can demonstrate the validity of cash flow variable in the equation. From the empirical results of each of the three regions, the cash flow variable plays an important role in the equation adjustment.
LIMITATIONS
The results of this study are limited by a relatively short period of data set. Availability of reliable accessible data in Osiris and DataStream prohibited an extended review of the full sample. However, half of the crude oil exploration and production companies in Asia have only records from 2000. By removing all these companies, the sample would not be as representative as it currently is. Incorporating data from North American and European companies that extend from 90s would help rectify the imbalance sample.
